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Sarcopenia, a well-known geriatric syndrome, is deﬁned as the age-related loss of muscle mass plus
declined muscle function (muscle strength and/or physical performance). Sarcopenia is associated with a
number of adverse outcomes, including poor quality of life, falls, disability, and mortality. The clinical
impact of sarcopenia on older people will escalate along with the rapid growth of elderly population in
Asia. Moreover, the differences of ethnic backgrounds between Asian people and Westerners have trigger
the need for speciﬁc diagnostic criteria for Asian populations. After the publication of Asian Working
Group for Sarcopenia consensus, sarcopenia has gained even more extensive research attention in Asia.
In general, the reported prevalence of sarcopenia in Asia was lower than Western countries, ranging from
2.5% to 45.7%. Asian people tend to have lower muscle mass, weaker grip strength, slower gait speed, and
higher body fat mass with central distribution. Compared to Western populations, the rate of age-related
muscle mass decline in older Asian people remain relatively unchanged, but the decline rate in muscle
strength or physical performance was more signiﬁcant along with aging. With aging, Asian people
presented with greater increase in fat mass and higher prevalence of central obesity, especially in
women. Due to the great impact of sarcopenia, a life course program for good nutrition and physical
activities would be of great beneﬁt. However, various research challenges remain to be resolved in the
future and more outcome-based trials are needed to formulate the most optimal strategy for sarcopenia
in Asia.
Copyright © 2016, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Sarcopenia, ﬁrst described by Rosenberg in 1989,1 has become
an important challenge for the health of older people over recent
decades. Originally, sarcopenia, which was derived from the Greek
for poverty of the ﬂesh, and focused on age-related loss of lean body
mass. Although several subsequent studies have been based on this
deﬁnition, some challenges gradually emerged. Many epidemio-
logical studies showed that age-related decline in muscle strength
far exceeded the loss of muscle mass, so sarcopenia deﬁned by loss
of muscle mass alone became inadequate to identify older people at
risk of sarcopenia-related conditions.2 The International WorkingGerontology, Taipei Veterans
i, Taiwan.
g).
inical Gerontology & Geriatrics. Pub
d/4.0/).Group on Sarcopenia3 and European Working Group on Sarcopenia
in Older People (EWGSOP)4 have proposed operational deﬁnitions
for sarcopenia diagnosis. Both combine measurements of muscle
function (physical performance or muscle strength) and muscle
mass in the diagnostic criteria. To date, researchers have deﬁned
sarcopenia as coexistence of muscle mass loss as well as muscle
function decline and have demonstrated a close association of
sarcopeniawith poor health status. Once older adults are diagnosed
as having sarcopenia, they may face the risk of various adverse
health outcomes, including poor quality of life,5 falls,6 disability,7
and mortality.8 Therefore, the research into its etiology, patho-
genesis, and risk factors are growing rapidly worldwide, especially
in Asia.9
Asia is the fastest aging region in the world and sarcopenia will
result in a greater impact on Asian populations than in other con-
tinents.9,10 However, Asian populations are composed of peoplelished by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
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lifestyles. Considering the large heterogeneity of Asian countries
and the compelling need to reach an Asia-wide consensus, experts
and researchers of sarcopenia from China, Hong Kong, Japan, South
Korea,Malaysia, Taiwan, and Thailand organized the AsianWorking
Group for Sarcopenia (AWGS) and established a diagnostic algo-
rithm of sarcopenia based on currently available evidence in 2014.10
Since the consensus, sarcopenia has gained extensive research
attention in Asia, and more Asia-speciﬁc questions on this issue
were discovered as well. Therefore, in the present article, we will
summarize the prevalence and characteristics of sarcopenia in Asia
and discuss the current challenges on sarcopenia research.
2. The prevalence of sarcopenia in Asian populations
The prevalence in Asia varied greatly according to different
population, sex, instruments of measurements, method of deter-
mining cutoff values, and deﬁnition of sarcopenia (Table 1). Before
the AWGS consensus, most Asian researchers followed the diag-
nostic algorithm of EWGSOP and used appendicular skeletal muscle
mass divided by height squared (ASM/height2), derived from either
dual-energy X-ray absorptiometry (DXA) or bioelectrical imped-
ance analysis (BIA), to deﬁnemusclemass.9 In Japan, the prevalence
of sarcopenia in the community was 8.2e21.8% in men and
6.8e22.1% in women, using the ASM/height2 in the EWGSOP-
suggested algorithm.11e13 In Korea, the data from the Fourth
Korean National Health and Nutritional Examination Surveys
(KHANES IV)14 revealed that the prevalence, deﬁned only by low
muscle mass (ASM/height2 value was 2 standard deviations below
the mean for young healthy adults aged 20e39 years) but not
considering muscle strength or physical performance, was 12.4% in
men and 0.1% in women. The extremely low prevalence of low
muscle mass in older Korean women has raised some research
concerns. However, by using the weight-adjusted appendicular
skeletal muscle mass (ASM/weight  100), the prevalence of sar-
copenia in Korean men and women was 9.7% and 11.8%, respec-
tively, which was a little lower than but much closer to the
prevalence in Japan.
In Taiwan, the reported prevalence from several community
studies was about 5.4e10.8% in men and 2.5e7.8% in women by
using height-adjusted skeletal muscle index in EWGSOP deﬁni-
tion.15,16 When using percentage skeletal muscle index (SMM/
weight ¼ total skeletal muscle mass/weight  100) in EWGSOP
deﬁnition, the prevalence was 14.9% in men and 19% in women.15
The prevalence in Taiwan women was similar to Korean older
women when muscle mass was obtained by height-adjusted
muscle index. In previous studies, researchers have demonstrated
that low muscle mass adjusted by height (ASM/height2) or weight
(SMM/weight  100 or ASM/weight  100) revealed different
obesity status. Low muscle mass identiﬁed by height-adjusted
muscle index was mostly observed in lean people and that
adjusted by weight was mostly in overweight and obese people.15
The main differences in epidemiological studies from Taiwan and
Korea may be caused by the relatively higher adiposity of older
women than Western older women.
In Hong Kong, the prevalence of sarcopenia in the community
was 9%.17 The prevalence in men was around 10.2% at age
70e74 years and 15.4% at age 75e79 years; the prevalence in
women was 10.1% at age 70e74% and 6.2% at age > 75 years if
sarcopenia was only deﬁned by low muscle mass.18 In Beijing, a
community study using height-adjusted muscle index in EWGSOP
deﬁnition showed a high (45.7%) prevalence of sarcopenia in men
aged > 80 years (mean age, 88.8 ± 3.7 years).19 Even so, the overall
prevalence of sarcopenia in Asia was lower than in the Caucasian
and Hispanic populations.14,18,20Several possibilities may explain the lower prevalence of sar-
copenia in Asian populations.15,18 First, the cutoff for low skeletal
muscle mass was mostly deﬁned according to young reference
adults. Due to rapid economic growth in Asia, older adults with
active lifestyle may keep more muscle mass and better muscle
strength than the youth. Therefore, the reference data from young
people may result in a lower threshold and thus fewer older people
meet the criteria of sarcopenia. Second, although height-adjusted
muscle index was the most common measurement to quantify
muscle mass, it may underestimate the prevalence of sarcopenia in
obese people with low muscle mass. The Asian population, espe-
cially women, is known to have higher central adiposity than
Caucasians, so certain adjustments in deﬁning muscle mass in Asia
may be needed.21
3. Age-related loss of muscle mass in Asian populations
According to several Asian epidemiological studies, muscle mass
index using height adjustment was around 6.7e7.58 kg/m2 and
5.7e6.18 kg/m2 in community-dwelling men and women aged > 40
years, respectively.14,22,23 When using weight-adjusted muscle
mass indices, low muscle mass (skeletal muscle mass over body
weight) in the population older than 50 years was 35.7% inmen and
28.4% in women15 and was 33.2% in men and 26.1% in women
among people aged 65 years and older (appendicular muscle mass
over body weight).14 Compared to reports from white and black
people, Asian people had relative lower muscle mass in both
sexes.24e26 Additionally, DXA and BIA were the most commonly
used instruments to estimate the skeletal muscle mass in previous
studies, but they could not precisely differentiate lipid, water, and
ﬁbrous tissue within muscle mass.27,28 In obese older people with
high intramuscular lipid inﬁltration, water accumulation, and ﬁber
deposition, DXA or BIA may overestimate their muscle mass. Due to
the higher adiposity of Asian people, the muscle mass measured by
DXA or BIA may be overestimated.
Evidence revealed that the two commonly used muscle mass
indices, height-adjusted and weight-adjusted, actually deﬁned two
different entities of sarcopenia.14,15 Some studies have shown that
height-adjustedmuscle mass index had a close correlationwith age
and was a better predictor of physical function decline than the
weight-adjusted one,29 whereas other studies revealed that muscle
mass, evaluated by weight-adjusted deﬁnition but not by height-
adjusted deﬁnition was associated with functional impairment,
disability, and metabolic syndrome.30e32 Therefore, a new concept,
combined sarcopenia, deﬁning low muscle mass by either height-
adjusted or weight-adjusted deﬁnition, has been proposed and
showed better correlation with poor physical performance than by
only one of these deﬁnitions.33
With regard to age-related decline in muscle mass, the Asian
population showed different results in cross-sectional and longi-
tudinal studies. In cross-sectional studies, Asian men tend to lose
muscle mass gradually with aging, but not Asian women.18,29 In
Japan and Taiwan, the decline of muscle mass with age was insig-
niﬁcant or slightly signiﬁcant in women, either by height-adjusted
or weight-adjusted deﬁnition.22,29 A Korean study revealed age-
related decline in women only by weight-adjusted deﬁnition but
not the height-adjusted one.14 These ﬁndings may result from (1)
the cohort effect: older Asian adults with active living have better
muscle mass preservation than the youth so the age-relatedmuscle
decline seems vague; and (2) higher adiposity in Asian women:
height-adjusted deﬁnition would underestimate the prevalence in
obese people.
In longitudinal analyses, study results showed a decreasing
trend in both sexes with the modest to strong age-cohort effect
(decline rate accelerated in advancing age). Shimokata et al22
Table 1
Prevalence of sarcopenia in Asian populations.
1st author &
country/ethnicity
Research population Cut-off values Diagnostic
deﬁnition of
sarcopenia
Prevalence of sarcopenia Reference No.
Muscle mass Muscle strength Physical performance
Yamada
Japan
1882 healthy
community-dwelling
older adults aged 65
e89 y
568 men, 1314 women
Measurement: BIA
ASM/height2: mean e 2SD
of young reference
< 6.75 kg/m2 in men,
< 5.07 kg/m2 in women
Measurement: handheld
dynamometer
< 30 kg in men,
< 20 kg in women
Measurement: 10 m usual
walking speed
< 0.8m/s in bothmen&women
EWGSOP criteria Men: 21.8%
Women: 22.1%
11
Ishii
Japan
1971 functionally
independent,
community- dwelling
older adults aged 65 y
977 men, 944 women
Measurement: BIA
ASM/height2: mean e 2SD
of young reference
< 7.0 kg/m2 in men,
< 5.8 kg/m2 in women
Measurement: digital grip strength
dynamometer
Grip strength: the lowest quintile of
study population
< 30 kg in men,
< 20 kg in women
Measurement: gait speed in
middle 5 m over an 11-m
straight course at their usual
speed
Gait speed: lowest quintile of
study population
< 1.26 m/s in both men &
women
EWGSOP criteria Men: 14.2%
Women: 22.1%
12
Yoshida
Japan
4811 community-
dwelling aged  65 y
2343 men & 2468
women
Measurement: BIA
ASM/height2: sex-speciﬁc
lowest quintile of study
population
< 7.09 kg/m2 in men,
< 5.91 kg/m2 in women
Measurement: hand dynamometer
Grip-D
Grip strength: the sex-speciﬁc
lowest quintile of study population
< 28.8 kg in men,
< 18.2 kg in women
Measurement: middle 2.4 m in
a 6.4 m walking at the usual
pace
< 0.8 m/s
EWGSOP criteria Men: 8.2%
Women: 6.8%
13
Kim
Korea
2332
noninstitutionalized
962 men & 1370
women
Measurement: DXA
(Height-adjusted) ASM/
height2: mean e 2SD of
young reference or
(weight-adjusted) ASM/
weight  100: mean e 2SD
of young reference
(Height-adjusted)
< 6.58 kg/m2 in men,
< 4.59 kg/m2 in women
(Weight-adjusted)
< 29.1% in men,
< 23.0% in women
d d Low muscle mass Height-adjusted:
12.4% in men
0.1% in women
Weight-adjusted:
9.7% in men
11.8% in women
14
Lee
Taiwan
386 community-
dwelling
aged  65 years
223 men & 163 women
Measurement: DXA
(Height-adjusted) ASM/
height2: the lowest quintile
of young reference or
(Weight-adjusted) SMM/
weight  100: the lowest
quintile of young reference
(Height-adjusted)
< 7.27 kg/m2 in men,
< 5.44 kg/m2 in women
(Weight-adjusted)
< 37.4% in men,
< 28.0% in women
Measurement: hand dynamometer
Grip strength: modiﬁed cutoff
points in EWGSOP criteria
< 22.4 kg in men,
< 14.3 kg in women
Measurement: 6-m walk at
their usual speed
< 0.8 m/s
EWGSOP criteria Height-adjusted:
10.8% in men
7.8% in women
Weight-adjusted:
14.9% in men
19.0% in women
15
(continued on next page)
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Table 1 (continued )
1st author &
country/ethnicity
Research population Cut-off values Diagnostic
deﬁnition of
sarcopenia
Prevalence of sarcopenia Reference No.
Muscle mass Muscle strength Physical performance
Wu
Taiwan
A pooled analysis from
5 cohort studies: 2155
community-dwelling
aged  65 y
1055 men & 1100
women
Measurement: BIA
ASM/height2: mean e 2 SD
of the young reference or
the sex-speciﬁc lowest
quintile of study population
(Mean e 2SD)
< 6.76 kg/m2 in men,
< 5.28 kg/m2 in women
(The lowest quintile)
< 7.09 kg/m2 in men,
< 5.70 kg/m2 in women
Measurement: standard calibrated
hand dynamometer
Grip strength: the sex- & BMI-
speciﬁc lowest quintile of study
population
(Men)
BMI < 22.1 kg/m2: < 25.0 kg
BMI 22.1e24.3 kg/m2: < 26.5 kg
BMI 24.4e26.3 kg/m2: < 26.4 kg
BMI > 26.3 kg/m2: < 27.2 kg
(Women)
BMI < 22.3 kg/m2: < 14.6 kg
BMI 22.3e24.2 kg/m2: < 16.1 kg
BMI 24.3e26.8 kg/m2: < 16.5 kg
BMI > 26.8 kg/m2: < 16.4 kg
Measurement: 3e5 m walk at
their usual pace
Gait speed: the sex- & height-
speciﬁc lowest quintile of study
population
(Men)
Height  163 cm: < 0.67 m/s
Height > 163 cm: < 0.71 m/s
(Women)
Height  152 cm: < 0.57 m/s
Height > 152 cm: < 0.67 m/s
EWGSOP criteria (Using mean e 2SD of the young
reference to deﬁne low muscle
mass)
Men: 5.4%
Women: 2.5%
(Using sex-speciﬁc lowest quintile
of study population to deﬁne low
muscle mass)
Men: 8.2%
Women: 6.5%
16
Yu
Hong Kong
4000 community-
dwelling aged  65 y
2000 men & 2000
women
Measurement: DXA
ASM/height2: the lowest
quintile of study population
<6.52 kg/m2 in men
< 5.44 kg/m2 in women
Measurement: hand dynamometer
Grip strength: the lowest quintile of
study population
 28 kg in men
 18 kg in women
Measurement: 6-m walk
Gait speed: the lowest quintile
of study population
 0.8 m/s in both men &
women
EWGSOP criteria 9% 17
Lau
Hong Kong
527 community-
dwelling aged  70 y
262 men & 265 women
Measurement: DXA
ASM/height2: the lowest
quintile of study population
<5.72 kg/m2 in men
< 4.82 kg/m2 in women
d d Low muscle mass (70e74 y)
10.2% in men
10.1% in women
(75e79 y)
15.4% in men
6.2% in women
(80 y)
6.2% in women
18
Meng
Beijing
101 community-
dwelling men
aged  80 y
Measurement: DXA
(Height-adjusted) ASM/
height2: mean e 2SD of
young reference or
(Weight-adjusted) ASM/
weight  100: mean e 2SD
of young reference
(Height-adjusted) <6.85 kg/
m2
(Weight-adjusted) < 28%
Measurement: digital hand
dynamometer
< 22.4 kg
Measurement: 6-m walk at
their usual speed
 0.8 m/s
EWGSOP criteria (Height-adjusted)
45.7%
(Weight-adjusted)
53.2%
19
ASM ¼ appendicular skeletal muscle mass; BIA ¼ bioelectrical impedance analysis; DXA ¼ dual-energy X-ray absorptiometry; EWGSOP ¼ European Working Group on Sarcopenia in Older People; SD ¼ standard deviation;
SMM ¼ total skeletal muscle mass.
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Y.-H. Wu et al. / Journal of Clinical Gerontology & Geriatrics 7 (2016) 37e43 41discovered that skeletal muscle mass gradually decreased with
aging in both sexes among community-dwelling Japanese. The age-
related declinewasmuch faster inmen than inwomen and the age-
cohort effect was strong only in men. In the Hong Kong study,23 the
decline rate of appendicular muscle mass was modest but not
uniform across the age range. The average appendicular muscle
decline rate in men and women was 1.59% and 2.02% within a 4-
year period, respectively. The age-cohort effect was noted in both
sexes and those aged 80 years or older was about twofold than that
of those aged 65e69 years. Compared to other longitudinal studies
regarding black andwhite older adults (e0.2% toe1% per year),34,35
we found similar rate in age-related muscle mass loss.
4. Muscle strength and physical performance in Asian
populations
Asian older people tend to have less muscle mass and weaker
handgrip strength, but not gait speed than other ethnic pop-
ulations. Additionally, the decline in muscle strength is also faster
with age, particularly in Asian women, given the similar skeletal
muscle loss.23 A cross-sectional study in Taiwan discovered that
muscle mass had a stronger correlation with handgrip strength
thanwalking speed.29 In a longitudinal study, the decline in muscle
mass and muscle quality were correlated with aging, but the
decline in handgrip strength or gait speedwasmuch faster than the
concomitant muscle mass loss.36 The annualized decline rate in
handgrip strength was fastest (5 times faster than that of muscle
loss in men and 10 times than that in women) and was most
prominent in Asian women (men: 0.4%/y in muscle mass, 1.9%/y in
handgrip strength, 2.1%/y in gait speed; women: 0.5%/y in muscle
mass, 5%/y in handgrip strength, 2.3%/y in gait speed).23 In com-
parison of decline rate of skeletal muscle, the decline was earlier
andmore rapid in legs than in arms, andmore prominent inwomen
than in men.37 Among black and white people, the decline rate in
leg strength was about three times greater than the rate of loss of
leg lean mass over 3 years of follow-up in the Health, Aging and
Body Composition Study.34 In contrast, Asian people had similar
skeletal muscle mass loss with aging, but the decline rate in muscle
strength or physical performancewas more rapid. This implied that
the deteriorated muscle quality with aging may play a more
important role than muscle mass loss in muscle function among
older people in Asia.
Muscle mass has been believed to be one of the most important
determinants of muscle strength or physical performance; how-
ever, some studies also proposed body fat, central obesity, or
inﬁltration of fat and connective tissue into muscle ﬁber may
contribute more to poor muscle quality, declined muscle function
and even various adverse outcomes, particularly in Asian
women.38,39 Therefore, we conclude that the age-related decline of
muscle quality in Asian men may be explained by skeletal muscle
loss, but the decline in Asian women may be additionally inﬂu-
enced by changes in body composition. Disregard with the mech-
anisms, physical activities appear to be an important intervention
strategy. There are some moderate quality intervention studies
investigating the effect of exercise on muscle parameters and most
evidence showed improved muscle strength and physical perfor-
mance, but not consistently increased muscle mass.40 For Asians,
exercise interventions since a young age, especially resistance
training or compound exercise programs, seem good strategies for
sarcopenia prevention.
5. Changes of body composition in Asian populations
Changes of body composition are common characteristics of
aging. In general, aging is associated with decreases in skeletalmuscle mass and increases in fat mass, even in relatively weight-
stable, healthy individuals.41,42 However, these changes vary
extensively by factors such as age, sex, ethnicity, and both muscle
loss and obesity may act synergistically to cause metabolic disor-
ders and inﬂuence physical function in older population.42 Because
of the higher adiposity in the older Asian population, especially in
women, and the obesity-related risks for several chronic dis-
eases,43,44 it is necessary to clarify the ethnic characteristics of fat
mass in Asia.
According to previous studies, Asian people have a higher per-
centage of body fat, more central fat accumulation, as well as higher
metabolic risk than Caucasians.45 Although Asian people generally
have increased fat mass with age, the proportional relationship is
different in men and women. Fat mass increases in all age groups in
men but it increases to a peak in the 40s and 50s inwomen, without
signiﬁcant change thereafter.37 Even so, Asian women still have a
greater fat percentage than men and the expanded fat mass may
have a deleterious effect on amino acid incorporation and muscle
protein synthesis.46 Koster et al47 reported that higher fat mass at
baseline is associated with a greater decline in leg leanmass in both
sexes, so prevention of greater lipid accumulation in older people
may decrease the loss of skeletal muscle and the concomitant
disability.
In addition to higher fat mass percentage, central obesity is
another issue in Asian populations. In a Korean study, more than
75% of the older peoplewith sarcopenia had central obesity.14 Index
of central obesity, such as wait circumference and trunk/limb fat
mass ratio, increased with age in both sexes, with the values
peaking around age 65 years in women.48 Women with visceral
obesity at baseline had also shown a greater decrease in appen-
dicular muscle mass than those without, whereas, the correlation
was not signiﬁcant in men.42 Furthermore, sarcopenic obesity at
baseline were two to three times more likely to have a disability in
instrumental activities of daily living than lean sarcopenic, non-
sarcopenic obese people or those with normal body composition.49
As a result, the ethnic characteristics in Asia, signiﬁcant decline in
muscle quality, and change of body composition inﬂuence the
health of Asian people greatly.48
Several possibilities may explain the ethnicity-speciﬁc changes
of body composition in Asia. Carbohydrate-enriched dietary
pattern may be one of the most possible explanations. Rice is the
principle food in Asia and carbohydrate-enriched diets have been
demonstrated to cause a preferential redistribution of body fat from
peripheral to central body.50 In contrast, carbohydrate-restricted
diets have shown beneﬁts in reducing body weight, decreasing
fat mass, increasing lean body mass, and improving insulin resis-
tance.51,52 Additionally, young people, especially women, have less
physical activity than the older generation and an inverse associ-
ation between physical activity and body fat has been shown in the
previous study.53 Therefore, for Asian populations, increase of the
protein density in the daily diet and encouragement of exercise
since young age may be of great beneﬁts for the prevention and
management of sarcopenia.
6. Conclusions
Sarcopenia in Asia includes several unique characteristics that
are different fromWestern countries. Asian people tend to have less
muscle mass, higher body fat with central distribution, and weaker
handgrip strength. With aging, the decline rate in muscle strength
or physical performance was more rapid than the concomitant loss
of muscle mass. This dissociated relationship was much more sig-
niﬁcant in Asians than in black and white people, and especially
more in women than in men. Meanwhile, Asian people, especially
women, have higher body fat andmore central fat accumulation. As
Y.-H. Wu et al. / Journal of Clinical Gerontology & Geriatrics 7 (2016) 37e4342a result, we believe that there may be two mechanisms of age-
related decline of muscle quality among Asian men and women.
In men, declined muscle quality may be explained by skeletal
muscle loss, but it is additionally inﬂuenced by body fat and central
adiposity in women. A life course approach for sarcopenia pre-
vention and management through healthy dietary pattern and
regular exercise remain the same. More intervention studies are
needed to clarify the clinical characteristics and therapeutic bene-
ﬁts of sarcopenia in Asian populations.Conﬂicts of interest
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